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(54) Optical detection of speeffic 



(57) An optical method far detecting the 
presence and/or behaviour of a first 
form of specific molecules In various 
substances comprises the steps of 
applying a sample 6 of the substance 
{e«> blood) to a mof eeutar adsorbed 
layer 4 formed on an appropriate 
boundary surface of light transmitting 
device 2. Layer 4 embodies a second 
form of speeffto molecules (e.g- 
antibodies) capable of attracting, 
spaeffio molecules (a.g. antigens} from 
the sample for chemical combination 
therewith. Light Is Injected Into the 
device so that at least a part thereof 
enters layer 4* The light output from the 
device Is then detected far assessment 
of the effect thereon of any molecules 
of the first form absorbed Into layer 4. 
Polarters 9 & 10 are used because the 
orthogonal light components are 
attenuated djffarentfy according to 
changes In anteotrophy. Instead of the 
planar waveguide of Fig. I a triangular 
prism With an adsorbed layer may be 
used. 
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The drawings orfclnany filed were trffbrmal and the prim here reproduced to taken from a later (Bed forma! copy. 
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SPECIFICATION 

Improvements retain© to optical defection meth- 
ods and apparatus 

5 

This Invention refetiss to m&thoc& and apparatus 
for detecting and/or monitoring or<$uamffyJrtg fte 
presence artf!tor bahaytajr off c@rtsJn specific mole- 
aoleo In various subsgsneos and the Invention Is 
10 espeefafly, but no$ excluelVBly, spplteBbla to the 
eftnfcal cfcmsctton of errtJjgGCTS m bteod samples and 
9o the monitoring of <s!incgg| diagnostic rations 
fnvetfving oatzymssfe for example., 
It is already iwewri to deflect the presortcs erf an- 
15 tlgen» In Wood asmplee [by casing tttvs entfgens to 
be? attracted Fnto w adaorfeeti layer of a eubstance 
which consalne antibodies and wfiidh constitutes 
the gats electrode of an fuisoJete&gate field-affoct 
transistor (I6FET) so that tits current flew batween 
30 the source and drain of (th© trenaltfor Is varied In 
accordance with the; presence of antigens absorbed 
into the g»to eiecKrode, Tfts trenstetor current flow* 
te monitored to detect the prasancs of antigens 
after whfeh th® translator will be disposed of, 
25 The preoant Invention sssordfngly has In vdew e 00 
detecting ami/or monitor! ng or quantifying method 
which msfces uoq ofo elgnJfic&nfily cheaper dispos- 
able device than the IGFET referred to above and 
which enaWes inter site th© ttaJce-up of antigens (by 
SO the abeotfeed lays? in She antigen detection eppll- <& 
cation of th© foventUon to be monitored ovar e pro- 
tracted period (Oc@. 15 minutes). 

In accordance tefgSi the pressnt invention tharo fa 
provkted an eptteal method for detecting and/or 
25 manuring or qu&fttffyfag tho presence encVor be- 100 
hevtour of e first form of apssiflc rrooleculas in var- 
ious substances, which method comprises th© 
eteps of appfylng a eampto e? one of said aub- 
mncaa to a molaeuler adsorbed llsyar whfeh Is 
40 formed on an approprtoi© boundary surface of a 105 
relatively c&eep Ifeht trensmftting device and 
which embodies a oecond form of spschlc mole- 
cules capable of attracting specific molecules of 
tho first form to sold adsorbed flayer for chemical 
$5 eomWnetlen fherevrfw, injeetmg night Into sefdtie- 110 
vice go that at least a part thereof er&sra the ad- 
sorbed layer and detecting, monitoring or 
meeaurmg the light catiput from said ctevfcs (for es- 
eassment of the effect fchsre&ot of any molecules of 
50 the second form whfch hews been absorbed unto 1 75 
the adsorbed layer. 

In eahryfng out lbs pmw&nt Imresrtlon the Ught 
tranamhtlng devics may compiiao a deposable 
pSanar optical wova^ulde vtffa tin® adsorbed layer 
65 bslrtg providled on one boundary surfoea of the 130 
v^yegulde, or altemativety # the device may com- 
prise a simple cheap prtarn (e.f . trlen&ulGr) having 
fna adsorbed layer provided on one fees thereof. 
The disposable planar optfca) mvesul<^ msy sim- 
8) phf comprlso a glass aQde of the form common 125 
used In microscopy provided wfth e eurfeea layer 
of different refractive rndan. 

When a planar optica) wsvdgutds la use<g, light 
Injected Into one end of thB waveguide will be 
65 propagated through the waveguide so that evana9- 130 



eene vaewes of tfja guided Rght wf II ponetrate Into 
to adssrbad Isiyer of the device where they wNI fee 
aboorbed andtor otharwteo modKfed (a.g. velocity 
dlf?eren^al bebfvsen component) by the material 
of the layer ami to a degree dependent upon the 
presence of opaeffis moledulea of the first form ab- 
sorbed m the odaonbed layer and thereby pra&io- 
Ing attenuation or a change In attenuation of the 
gnlded IcghtHffleyg which can be datected and/bcr 
manured. 

The ma^rtfiS of the ed^orisad layer may al&o be 
eroaotropte In ce&q GhQ prcp&g&tkm cherec- 
i^rlsfe of orEhogonal pol&rJaad oompoftQnta dt 
light (e*£. ma^ridtlc and eJentrJc) Injecsed Snto th® 
^avsgi^Cs will be Influsnesd by the snlsotropy of 
tbe> Joyer 50 that the ate^rte? end ms@netre modle 
proptegsttsn constants win differ as a flunciloft of 
the anlsotmpy and ths degree of absorpCSon of 
each mode poOarteation by the ©daorbed teyer will 
usualry be different Consequently, chart$@$ in qtb^ 
cotropy of the aiSsorbad lay^r due to the ab^&rp- 
tlon therein of e^ectfie mote^iled of the first farm 
wRI sf?m the attenuation of the o??hogensJ poIeh 
rfecd compostante of light Injaeied m$e th© 
gtiSde and thus the measured rntenslt!e& of these 
pfii&rfsatlons may be used to provide sn indlea^on 
0? any absorption of specific molecules c7 tfrc first 
form Into the acfoorbsd layer. 

SlmUc^/ In the ettematrve ease where en optical 
prism Is utfttssd oriho^onsil pofetf&ed e^rt compo- 
nsnts may be Injected into tho prism bus In this 
case ft may be arranged that the light beam Itself 
PS&SG8 through the adsorbed layer and after f&tteir- 
nal refflectfen from th® outer surface of the applied 
subotane© ©mbodyfnp tha specific mo!ecaj|e« of ths 
flrst form & pas&a& b&c3t through the adsorbed 
(eye? and thus the Intensities of the two polarisa- 
tions of Kg&it may tea detected artdfor measured for 
datemdnlngi wfcatft&r and fin whet quantity mole* 
cuEes of the flrat form have been absorbed Unto the 
adsorbed layer. 

As alternatives to the above^eecr&ed tseh- 
nlcjtiaa of eff^cthfer/ d@tecdng e^ndA&r msesunns 
the absorption or changes In the ab&orpttost of 
light s* the propagation wavelength (uauaEV ultra- 
vfoBet sjpectral range) by tha adsorbed lays? ft to 
also envisaged that changes in bfrefrtngenes or Ra- 
man bacfrecaftering of l&ght in the adsorbed layer 
may be utfll&sd to detect una absorption of epeeffic 
mojecutes into the adsorbed layer. These attorns* 
tfve teehm^uee enable a wider range of Hght wave- 
langtheiok&uaed. 

It Td contamplated thst the method of tha present 
Invention and the epparstue for carrying It out wOT 
have many applications In tha chemical and medi- 
cal anstytfcDl and diagnostic ffeCds but two espe- 
cially envEssgedl applications are tn the detection 
m&o? monitoring of sntigena In bdood aamplea 
and In monitoring cQnfcsi diaenoetic re£estona In- 
volving enzymes, ' 

By way of example the present Invention will 
now be described vtffth reference to The accompa- 
nying drawing In which; 

Ff&uro 1 shows a schematic diagram of an opti- 
cal waveguide apparatus for detecting and/or 
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measuring the Absorption of specific molecules 
from a blood sample Into on adsorbed layer of the 
waveguide; ana*, 
F/gunt 2 shows a schematic diagram of an opti- 
5 csl prism apparatus for detecting andYor measuring 
the absorption of specific molecules of a blood 
sample Into an adsorbed foyer of the prism. 

Referring to Figure 1 of the drawing the appara- 
tus depleted comprises a planar optica) dielectric 

10 waveguide 1 conveniarrtry corelstfcng of a thin 
glass tUm 2 of one retractive Index supported on a 
glass substrate of a alffw^rrr retractive Index, or 
the film 2 may bo surface layer of gradient refrac- 
tive index supported on a susbtrate of uniform re- 

15 tractive Index The thin- film 2 of the waveguide 
has applied to It an adsorbed surface lever 4 of a 
material which In the present example contains 
spacfRo antibodies. In the adsorption process thesa 
antibodies align wTth a distinct and well-defined 

20 orientation wfth respect to the waveguide surface 5 
and their function la to attract any antigens from a 
blood sample 6 applied to the waveguide surface 
5, The chemical combination of antibodies In the 
adsorbed layer 4 and antigens in the applied blood 

2$ sample & occurs at a wen-defined molecular posi- 
tion maintaining the orientation of the adsorbed 
layer 4 and In practice the quantity of antibodies 
will be sufficient to maintain the depth of the ad- 
sorbed layer 4, with or without antigens, within or 

30 nearly equal to the penetration depth of the trans- 
versa evanescent field of the propagated light Into 
the adsorbed layer. 

tight (uftra-vTolet) derived from a light source 7 
Is focused by a convex Jens 8 on to one end of the 

36 waveguide film 2 after passing It through a pofar- 
Iser 9 for the generation of polarised light This po- 
larised light Is propagated along the waveguide 
with the transverse evanescent field produced by 
the guided light penetrating Into the adsorbed 

40 layer 4» The degree of absorption encVor modifica- 
tion of the guided light by the adsorbed layer 4 will 
depend upon the chemical combination of antigens 
from the blood sample & with antibodies In the ad- 
sorbed layer 4* This dependence may result from 

45 changes In the anlsmropy of the material of the 
adsorbed layer 4 due to the presence of antigens. 
Moreover; the orthogonal polarised light compo- 
nents (electric and magnetic} of the guided fight 
will be attenuated oWererrteJy according to these 

50 changes In anteotropy. The orthogonal polarised 
light components emerging from the other end of 
the waveguide are applied to a polarfser 10 which 
Is arranged at 45* to the orthogonal polarisation 
(atactrfc and magnetic) directions so that the 

65 change (n output from the polarlser 10 which is fo- 
cused by a convex lens 11 on to an optica) detector 
12 corresponds 'to the difference between propaga- 
tion constants of the polarised components. The 
polarised output ta thus dependent upon the 

6D changes In the absorption of Dght by the adsorbed 
layer due to the presence of antigens attracted to 
the lever by the antibodies therein. 

These changes In absorption can all be detected 
and/or monitored or quantified sufficiently fast fan 

65 time allowing observation of the take-up of anti- 



gens by antftodtes. Since the transverse evanscent 
field does not penetrate beyond the adsorbed layer 
2 the background optical characteristics presented 
by the blood sample Its erf do not Influence die de- 
70 tection of antigens and moreover the method only 
requires a very small volume of blood sufficient to 
provide a layer a few microns thick and spread 
over a few square centimetres of waveguide sur- 
face area. 

75 Referring now to Figure 2* this shows an arte mo- 
tive fgrm of apparatus Tnchidlrtg a triangular prism 
13 which has an adsorbed layer 14 embodying an- 
tibodies and corresponding to layer 4 of the Figure 
1 apparatus. The blood sample containing antigana 

80 *^ appeedatl5totrmlayer14,UGm{urtrd-vlolDt) 
from a tight source 16 after coWmation by a con- 
vex fens 17 and passing through a polarlser 10 en- 
ters the prism 13 and after passing through the 
adsorbed layer 14 Is Internally reflected from the 

85 upper surface of liquid blood sample 15. The light 
win be attenuated Inter ana by the antigens at- 
tracted into the adsorbed layer by the antibodies 
therein. The attenuated light emerging from the 
prism 13 passes through b polarlser 19 before ft la 

90 fbcuseed on to an optical detector 20 by a convex 
tens 21. The detector output eneVbr Indication af- 
fords an Indication of the presence or absence of 
antigens In the blood sample applied to the prism* 

95 CUJM$ 

1. An optical method for detecting anoVor moni- 
toring or quantifying the presence endtor behav- 
iour of a first form of specific molecules In various 

100 substances, said method comprising the steps of 
applying a sample of one of said substances to e 
molecular adsorbed layer which Is formed on an 
appropriate boundary surface of a relatively cheap 
light transmitting device and which embodies e 

1 05 second form of specific molecules capable of at- 
tracting specmc molecules of the first form to said 
adsorbed layer for cftemlcaJ combfnadofi there- 
with. Injecting tight mto said device so that at least 
e pert thereof enters the adsorbed layer and de- 

110 tactfng, monitoring or measuring the light output 
from said device or otherwise assessing the effect 
thereon of any molecules of the second form 
Which have been absorbed Into the adsorbed lever, 
2* An optical method as claimed In claim 1, In 

115 which the light transmitting device comprises a 
disposable planar optical waveguide with the ad- 
sorbed layer being provided on one boundary sur- 
face of the waveguide and In which light Is Injected 
Into one end of the waveguide so that It is propa- 

120 gated through the waveguide whereby evanescent 
waves of the guided light will penetrate Into tits 
adsorbed layer of the device where they will be ab- 
sorbed anoVbr otherwise modified by the material 
of the layer to a degree dependant upon the pree- 

125 ence of specific molecules of the first form ab- 
sorbed In the adsorbed layer and thereby 
producing attenuation or a change In attenuation 
of thd guided fight-wove which can be detected 
end/br measured. 

130 3. An optieaf method as claimed In datm 1, In 
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which the light transmitting device comprises a 
simple prfam triangular) having the adsorbed 
foyer provided on one face thereof* 

4. An optical method aa claimed in defm & In 
5 which the disposable planar optical waveguide 

comprises a glass slide with a surface layer of dif- 
ferent refractive Inddx. 

5. An optical method as claimed In dalm 2, In 
which the adsorbed layer (a anisotropic whereby 

10 the propagation characteristics of orthogonal pola- 
rised component* of the Bght injected Into the 
waveguide will be Influenced by the antsotropy of 
the layer so that the etectrtcaf and magnetic mode 
propagation constants will differ as a function of 

15 the arusotropy and the degree of absorption of 
each mode polarisation will be cSffefant 

6. An optical method as cteJmed In dalm 3, fn 
which orthogonal polarised tight components are 
Injected Into the prism and In which the light beam 

20 Is arranged to pass through the adsorbed layer and 
after Internal reflection from tha outer surface of 
the applied substance embodying the specific mol- 
ecules of tha first form to pass bade through the 
adsorbed layer, the Intensities of the two polarisa- 

25 tfons of light being detected end/or measured for 
determining whether end fn what quantity mole* 
eules of the first form have been absorbed Into the 
adsorbed layer. 

7. An optical method es defmed In dalm 1, In 
30 which changes In birefringence or Raman bade* 

scattering of light In the adsorbed layer ere utilised 
to detect the absorption of specific molecules Into 
tha adsorbed jeyer. 

8. The optical detecting enoVor measuring 

36* method hereinbefore described with reference to 
Figure 1 or Figure 2 of the accompanying drawing. 

8L The optical waveguide apparatus suitable for 
detecting enoYor measuring the absorption of spa- 
chic molecules from a blood sample Into an ad- 

40 sorbed layer of the waveguFdo substantially aft 
hereinbefore described whh reference to figure 1 
of the accompanying drawing. 

10. The optical prism apparatus suitable for de- 
tecting end/or measuring the absorption of specific 

48 molecules of a blood sample Into en adsorbed 
layer of the prism substantially as hereinbefore de- 
scribed with reference to Rgure 2 of the accompa- 
nying drawing. 
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